Using the Very Large Array (VLA) on April 5.2 UT, we discovered a coincident radio counterpart at right ascension a(J2000) 5 10 h 31 min 33.87 s and declination d(J2000) 5 239u 579 30.10 (60.7 arcsec in each coordinate) and with a flux density F n 5 24.53 6 0.06 mJy, at frequency n 5 8.46 GHz. This corresponds to a spectral radio luminosity of L n < 5 3 10 28 erg s 21 Hz 21 at Dt < 17 days after explosion, more luminous than any other type Ibc supernova observed 5, 6 ,12 on a comparable timescale. Instead, the radio properties of SN 2009bb are consistent with the sample of nearby (redshift z = 0.1) GRBs, observed to consistently yield 7 lower relativistic energies than 'classic'
GRBs preferentially discovered at larger distances. Further VLA observations of SN 2009bb revealed a power-law flux decay, F n,8.46 GHz < t 21.4 , in line with the radio afterglow evolution seen 13 for the nearest c-ray burst, namely GRB 980425 at a similar distance of d < 38 Mpc (Fig. 1 ). within) to date on a comparable timescale (Dt = 100 days), and is consistent 7, 13, 16 with the radio afterglow luminosities of the nearest GRBs discovered through their c-ray signal within a similar volume (black). Local type Ibc supernovae with wellstudied radio emission (grey) exhibit lower luminosities and peak at later times, indicating smaller sizes and lower mean expansion velocities. The radio emission from most local type Ibc supernovae is below our current detection threshold; we include them here as upper limits (3s; grey triangles). Unlike the optical emission from supernovae, which traces only the slowest explosion debris, radio observations uniquely probe 14 the fastest ejecta as the expanding blast wave (velocity, v) shocks and accelerates electrons in amplified magnetic fields. The resulting synchrotron emission is suppressed by self-absorption ('synchrotron selfabsorption', SSA), producing a low frequency radio turnover that defines the spectral peak frequency, n p . Combining our observations from the VLA and the Giant Meterwave Radio Telescope (GMRT), the radio spectra of SN 2009bb are well described by an SSA model across multiple epochs (Fig. 2) . From our earliest spectrum on April 8 UT (Dt < 20 days), we infer n p < 6 GHz and a spectral peak luminosity, L n,p < 3.6 3 10 28 erg s 21 Hz
21
. Making the conservative assumption that the energy of the radio emitting material is partitioned equally into accelerating electrons and amplifying magnetic fields (equipartition), the properties of the SSA radio spectrum enable 13, 14 a robust estimate of the blast-wave radius, R < 2. 
, and n p is in units of GHz.) Luminous synchrotron sources with a low spectral peak frequency thus require larger sizes ( , with b 5 v/c). This is a lower limit on the initial velocity, as the radio evolution indicates that the blast wave decelerated early on. We further find that the radio emission requires a minimum energy, E 5 (1.3 6 0.1) 3 10 49 erg, coupled to the relativistic outflow and comparable to the values inferred 7, 13, 15, 16 from the radio afterglows of nearby GRBs (Fig. 4) .
These conclusions are robust; the blast-wave velocity is insensitive 14, 17 to deviations from equipartition while the relativistic energy can only be higher 18 . In view of these constraints, we note that shock-acceleration in some type Ibc supernovae may 19 couple a minute fraction (= 0.01%) of the total energy, E tot , to material with a trans-relativistic velocity. However, this scenario would require an exceedingly high total energy for SN 2009bb, E tot > 10 53 erg, a factor of 10 2 higher than the total explosion energies inferred for type Ibc supernovae. We conclude that the energetic and relativistic outflow from SN 2009bb was powered by another energy reservoir, a central engine. Until now, engine-driven supernovae have been discovered exclusively through their c-ray emission, making SN 2009bb the first to be identified by its long-wavelength signal.
Motivated by our discovery of an engine-driven relativistic outflow, we searched for a c-ray counterpart in temporal and spatial coincidence with , corresponding to an energy of E c , 10 48 erg (in the band 25-150 keV) if the relativistic outflow was isotropic. This limit is a factor of two higher than the isotropic-equivalent E c observed 21 from GRB 980425, and thus it is possible that SN 2009bb gave rise to a similar (albeit undetected) signal. At the same time, these limits cannot exclude scenarios in which the supernova (1) powered a GRB directed away from our line of sight, or (2) did not produce any c-rays. SN 2009bb observationally demonstrates the limitation of using c-ray satellites as a primary tool to identify nearby engine-driven explosions.
In this context, we note that our VLA observations of SN 2009bb were obtained as part of an extensive radio survey of 143 optically discovered local type Ibc supernovae designed to recover relativistic supernovae without detected c-ray counterparts. This systematic radio study revealed 5, 6, 7, 12 no additional relativistic supernovae, instead indicating typical maximum blast-wave velocities for type Ibc supernovae of b < 0.1 (Figs 3 and 4) . From this sample, we therefore estimate the fraction of engine-driven supernovae to be just 0:7 z1:6 {0:6 %(1s). This is measured independently from, and yet is consistent with, the fraction inferred from the relative rates 7, 22, 23 of nearby GRBs and all type Ibc supernovae, 1:4 z5:0 {0:3 %(1s). Our long-term study thus confirms that engine-driven supernovae are uncommon.
The infrequency of relativistic outflows among massive star explosions implies that their progenitor stars share an essential and rare physical property. Observations of the explosion environment may offer unique clues. On a local scale (=1 pc), where the environment was shaped directly by the evolution of SN 2009bb's progenitor star, we find evidence for a pre-explosion mass loss rate of _ M M 5 (2.0 6 0.2) 3 10 spectra. The radio emission from GRBs and type Ibc supernovae is suppressed 14, 17 at low frequencies by SSA, defining the spectral peak frequency. The spectral shape below and above the peak is characterized as F n / n 5/2 and
, respectively, where p is the power-law index of the relativistic electron energy distribution above a minimum Lorentz factor, c m . Our multifrequency radio observations of SN 2009bb taken with the VLA and GMRT (Supplementary Information) on April 8, May 10, June 6-10 and August 8-11 UT (Dt < 20, 52, 81 and 145 days) are well described by a standard SSA spectrum, with n p < 6, 3, 1 and 0.8 GHz, and peak flux densities of F n,p < 19, 15, 13 and 11 mJy, respectively. As the blast wave expands the shocked material becomes optically thin, causing n p to cascade 17 to lower frequencies with time. The optically thin spectral index is constrained to roughly F n < n
, which implies p < 3, in line 17 with other radio type Ibc supernovae. Error bars, 1s. We compare the peak radio luminosities for type Ibc supernovae (red circles) and nearby GRBs (z =0.1; blue squares) as observed at the spectral peak frequency, n p (in GHz), and at time Dt (in days). These observed properties are tightly related 14 to the blast-wave radius. The average velocities are reasonably estimated as R/Dt (dashed grey lines). For type Ibc supernovae we infer typical velocities of R/Dt < 0.1c, while SN 2009bb (yellow star) and the nearest GRBs show R/Dt < c. Error bars, 1s.
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, consistent with the wide distribution of values inferred 7, 15, 16 for nearby GRBs. However, the large-scale (>1 kpc) environmental properties differ 24 from those of nearby GRB host galaxies, showing evidence for a super-solar metallicity that exceeds the proposed 25, 26 cut-off for relativistic explosions. We conclude that there is a broad diversity in the environments of engine-driven explosions, and therefore host galaxy properties alone cannot be used to discriminate between ordinary and engine-driven supernovae.
With the advent 27,28 of wide-field optical surveys (for example, Palomar Transient Factory and Pan-STARRS), the discovery rate of young, local type Ibc supernovae will effectively quadruple over the next 3-5 years (Supplementary Information). Coupled with the tenfold increase in the sensitivity of the Expanded Very Large Array (expected 2010; ref. 29) , relativistic supernovae will be uncovered at an increased rate of ,1 per year within d = 200 Mpc. This is ,3 times higher than the rate at which nearby GRBs are discovered with current c-ray satellites. Thus, although such explosions have historically been found through their c-ray emission, long-wavelength surveys will soon provide a more powerful tool to pinpoint the nearest engine-driven supernovae. γ-ray bursts We compare to classic GRBs the blast-wave velocities and inferred energies for the well-studied radio type Ibc supernovae and nearby GRBs included in Fig. 3 . Assuming equipartition of energy between electrons (e e ) and magnetic fields (e B ) as e e 5 e B 5 0.33, which accounts for equal energy in shocked protons, the total internal energy of the radio emitting source is E ; E min /e B where the minimum energy, E min , is derived 17 from the energy density in magnetic fields, E min < 8. (n p /5) G, R is in units of cm, L n,p is in units of erg s 21 Hz
, n p is in units of GHz, and f 5 0.5 is the fraction of the spherical volume occupied by the radio-emitting region). For radio type Ibc supernovae (red; ref. 12 and references therein), the average velocities are reasonably estimated as b 5 R/cDt as the bulk flow is 17 expanding freely. The radio properties of these objects imply typical values of b < 0.1 and E < 10 47 erg. Adopting the same framework for SN 2009bb (yellow star), we find R/Dt < 0.9c and E < 10 49 erg; we note that the inclusion of relativistic effects (for example, photon arrival time) would not change these results significantly, as shown by refs 13 and 15 for GRB 980425/SN 1998bw. The nearest GRBs (blue squares) tend to be trans-relativistic and some decelerate rapidly, so we adopt the inferred 7, 13, 15, 16 blast-wave velocities and energies from the earliest available radio data, at Dt = 5 days. Likewise, the inferred velocity of SN 2009bb at Dt < 20 days is a strict lower limit, as there is evidence that the blast wave decelerated early on (Supplementary Information). Finally, classic GRBs (blue circles) in the decelerating Blandford-McKee phase 30 have C / t
23/8
, so we conservatively estimate their blast-wave velocity at Dt 5 1 day according to C / t 23/8 , and adopt the beaming corrected blast-wave energies from afterglow modelling (ref. 6 and references therein). Error bars, 1s.
